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Introduction
Sprint interval training (SIT) is characterized by brief intermittent bursts of 'all-out' , or supramaximal, exercise interspersed with short periods of recovery (Weston et al. 2014) . This type of training is a potent stimulus to induce physiological remodelling, with responses to SIT and traditional endurance training being similar despite a large difference in total exercise volume (Gibala et al. 2006; Burgomaster et al. 2008) . For example, 2-6 weeks of SIT has been demonstrated to increase skeletal muscle mitochondrial content, reduce carbohydrate utilization during matched-work exercise and enhance the maximal capacity for lipid oxidation (Burgomaster et al. 2005 (Burgomaster et al. , 2008 Gibala et al. 2006) . The most commonly studied SIT protocol involves repeated Wingate tests, typically four to six 'all-out' 30 s cycling efforts interspersed by several minutes of recovery . More recently, SIT protocols involving two to three 20 s 'all-out' cycling efforts, within a time commitment of 10 min per session, have also demonstrated skeletal muscle remodelling similar to traditional endurance training despite a very small total volume (i.e. ࣘ1 min) of intense exercise (Gillen et al. , 2016 .
A few studies have suggested potential sex-based differences in the response to SIT (Metcalfe et al. 2012; Gillen et al. 2014; Scalzo et al. 2014) . We and others (Metcalfe et al. 2012 ) have observed a sex-specific improvement in glycaemic control following 6 weeks of SIT, with improvements in 24 h blood glucose concentrations observed in men only and a higher SIT-induced increase in GLUT4 protein content in men compared with women. Men were also reported to experience a greater increase in mixed muscle protein synthesis compared with women after 3 weeks of SIT (Scalzo et al. 2014 ). In the same study, there was a tendency for greater rates of mitochondrial biogenesis in men, although the protein content of mitochondrial enzymes increased to a similar extent in both sexes (Scalzo et al. 2014) . However, other common adaptations to SIT, such as improvements in peak oxygen uptake (V O 2 peak ; Astorino et al. 2011; Metcalfe et al. 2012 Metcalfe et al. , 2016 Gillen et al. 2014; Scalzo et al. 2014) and increases in fat oxidation during submaximal exercise (Astorino et al. 2011) , are reportedly similar in men and women. Notably, none of the above-mentioned studies was specifically designed to make sex-based comparisons according to established practice, i.e. by matching men and women for baseline fitness relative to fat-free mass and standardizing the menstrual cycle testing phase (Tarnopolsky, 2008) . Therefore, the mechanistic basis for purported sex-based differences in skeletal muscle remodelling in response to SIT is unclear.
It is generally accepted that exercise training induces skeletal muscle remodelling as a result of the cumulative effects of transient exercise-induced disturbances in skeletal muscle homeostasis (Coffey & Hawley, 2007; Egan & Zierath, 2013) . These disturbances within skeletal muscle activate signalling pathways that co-ordinate an increase in the transcription of target genes and, ultimately, protein content (Coffey & Hawley, 2007; Perry et al. 2010; Egan & Zierath, 2013) . Thus, sex-based differences in the acute metabolic response to SIT may lay the foundation for sex-specific adaptations following several weeks of SIT. The purpose of the present study was to examine the effect of sex on the acute skeletal muscle response to SIT, with a primary focus on mRNA expression for genes associated with skeletal muscle remodelling. Groups of men and women were matched for fitness relative to fat-free mass, and women were tested during a standardized phase (mid-follicular) of their menstrual cycles. Given that specific skeletal muscle adaptations have been reported to be greater in men relative to women Scalzo et al. 2014) , we hypothesized that men compared with women would have a greater exercise-induced utilization of glycogen and increases in mRNA expression. We also hypothesized that SIT would induce an increase in the mRNA expression for genes linked to skeletal muscle remodelling.
Methods

Ethical approval
All experimental procedures were approved by the Hamilton Integrated Research Ethics Board and conformed in all respects with the Declaration of Helsinki. All subjects completed routine medical screening and provided written informed consent before study participation.
Subjects
A total of 20 sedentary but otherwise healthy adult men and women were recruited (n = 10 each). The two groups were matched based on cardiorespiratory fitness relative to fat-free mass. None of the women was using oral contraceptives. One female participant experienced an adverse reaction to a blood sampling procedure and did not complete the study. Descriptive characteristics for the 10 men and nine women who completed all experimental procedures are presented in Table 1 .
Pre-experimental procedures
Participants reported to the laboratory for baseline testing and familiarization procedures a minimum of 4 days before the main experimental trial. TheV O 2 peak was assessed during a ramp test on an electronically braked cycle ergometer (Lode Excalibur Sport V 2.0, Groningen, L. E. Skelly and others 3 . 0 ± 0.6 1.9 ± 0.5 * V O 2 peak (ml kg −1 min −1 ) 3 7 ± 5 3 3± 8
Data are means ± SD; n = 10 men and n = 9 women. Abbreviations: FFM, fat-free mass; andV O 2 peak , peak oxygen consumption. * Significantly different from men (P < 0.05).
The Netherlands) using an online gas collection system (Moxus modular oxygen uptake system; AEI Technologies, Pittsburgh, PA, USA). Briefly, following a 2 min warm-up at 50 W, the workload was increased by 1 W every 2 s until volitional exhaustion or the point at which pedal cadence fell below 60 r.p.m. TheV O 2 peak was defined as the highest average oxygen consumption over a 30 s period. After an overnight fast, fat and fat-free masses were determined through air-displacement plethysmography (BodPod R ; COSMED Inc., Concord, CA, USA). On a separate visit, participants completed a familiarization trial of the SIT protocol (explained below in 'Experimental protocol') on a different electronically braked cycle ergometer (Velotron; RacerMate, Seattle, WA, USA).
Experimental protocol
Participants refrained from exercise, alcohol and caffeine and food for a minimum of 48, 24 and 10 h prior to testing, respectively. Women were tested in the mid-follicular phase of their menstrual cycles (day 9 ± 2 following the onset of menstruation). A fasting blood sample was collected from an antecubital vein. A resting muscle biopsy was obtained from the vastus lateralis under local anaesthesia (1% lidocaine) using a Bergström needle adapted with suction, as previously described . Samples were cleaned of excess blood, sectioned into several pieces, immediately frozen in liquid nitrogen, and stored at −80°C for subsequent analyses. After the first muscle biopsy, participants completed the SIT protocol, which consisted of a 2 min warm-up at 50 W and three 20 s 'all-out' cycling efforts against a load corresponding to 0.05 kg (kg body mass) −1 , interspersed by 2 min of cycling at 25 W. Unlike previous studies from our laboratory using this protocol (Gillen et al. , 2016 , there was no cool-down period. Instead, immediately following exercise, a second needle muscle biopsy was obtained ß5 cm distal to the first incision site. A final needle muscle biopsy was obtained from the contralateral leg 3 h after exercise. Heart rate was measured throughout the SIT protocol using telemetry (Polar A3, Lake Success, NY, USA).
Blood analyses
Serum samples were collected using the appropriate collection tubes (BD Vacutainer R ; Becton, Dickinson and Company, Franklin Lakes, NJ, US), processed according to the manufacturer's instructions, aliquoted and stored at −20°C for subsequent analyses. The Hamilton Regional Medicine Program Core Laboratory measured serum estradiol and progesterone using chemiluminescent microparticle immunoassays (Abbott Architect; Abbott Laboratories, Chicago, IL, USA) and total testosterone using a chemiluminescent enzyme immunoassay (Immulite 2000; Siemens, Erlangen, Germany). The estradiol chemiluminescent microparticle immunoassay has a sensitivity of 37 pmol l −1 and a total standard deviation of 5 pg ml −1 . The progesterone chemiluminescent microparticle immunoassay and testosterone chemiluminescent enzyme assay have sensitivities of 0.3 and 0.5 nmol l −1 , respectively, and coefficients of variation of ࣘ10 and ࣘ24%, respectively.
Muscle analyses
Glycogen. One piece of each muscle sample was freeze-dried, powdered and dissected free of connective tissue for the determination of glycogen, as we have previously described (Cochran et al. 2010) . Briefly, ß2 mg of powdered muscle was incubated in 2 M HCl for 2 h at 98°C to hydrolyse glycogen to glucosyl units. This solution was neutralized with an equal volume of 2 M NaOH and analysed for glucose concentration via a commercially available hexokinase kit (Pointe Scientific, Canton, MI, USA).
Gene expression. RNA was extracted from a third piece of muscle (ß30 mg) in 1 ml of Isol-RNA Lysis Reagent (5 Prime, Gaithersburg, MD, USA). Samples were homogenized using the TissueLyser LT (Qiagen Inc., Venlo, The Netherlands), and 0.2 ml of chloroform was added to each sample. After vigorous mixing for 15 s by hand, samples were centrifuged at 12,000g for 15 min at 4°C. RNA was isolated from the aqueous phase using a commercially available kit (RNeasy Mini Kit; Qiagen Inc.). All samples were treated with DNase (Qiagen Inc.) to minimize potential contamination with genomic DNA. The RNA purity and quantity were determined using the Nano-Drop 1000 Spectrophotometer (Thermo Fisher Scientific, Rockville, MD, USA). RNA was reverse transcribed to cDNA using a commercially available High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster Acute response to sprint interval exercise in men and women City, CA, USA) and a MyCycler Thermal Cycler (Bio-Rad, Hercules, CA, USA). Complementary DNA samples were stored at −20°C until further analysis. Quantitative real-time PCR was performed using SYBR Green Master Mix (Quanta Biosciences, Gaithersburg, MD, USA) and gene-specific primers on the CFX384 Touchۛ Real-Time PCR Detection System (Bio-Rad). Primers used for quantitative real-time PCR analysis are listed in Table 2 . Genes linked to skeletal muscle remodelling through a range of molecular pathways were selected to provide a comprehensive comparison of mRNA expression between men and women. Priority was given to genes that have been previously shown to increase following SIT or have shown a sex-specific response to exercise. Changes in gene expression were analysed using the 2 − C T method, as previously described (Schmittgen & Livak, 2008) . For each gene, the HUGO Gene Nomenclature Committee standard symbol is provided in addition to the more commonly used abbreviation, when different. Gene expression was normalized to the geometric mean expression of four housekeeping genes, hypoxanthine-guanine phosphoribosyltransferase (HPRT, HPRT1), TATAA-box binding protein (TPB), acidic ribosomal protein 36B4 (36B4, RPLPO) and β2 microglobulin (B2M), which did not change as a result of the exercise bout (data not shown). Data are also presented in graphical or tabular form as the fold change at 3 h of recovery normalized to their respective pre-exercise values, using 2 − C T .
Statistical analyses
Descriptive characteristics and serum hormone data were analysed using Student's independent-samples t tests. All 16.9 ± 6.2 1.0 ± 0.4 * Data are means ± SD; n = 9 men and n = 9 women. Values below the detection limit were included as the detection limit value (n = 2 for estradiol; n = 4 for total testosterone). * Significantly different from men (P < 0.05).
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other data were analysed using a two-factor (time × sex) ANOVA. Mauchly's sphericity test was used to validate data sets before interpreting ANOVA results, and the Greenhouse-Geisser correction was applied to data sets that violated the assumption of sphericity. Statistical significance was set at P ࣘ 0.05. Post hoc tests were performed using Tukey's honestly significant difference test. All data are presented as mean values ± SD. Serum hormone values reflect n = 9 for each sex, because the estradiol value for one male subject was 2.7 SD above the mean and removed from the analyses. Messenger RNA expression data are based on n = 8 per group owing to low RNA quality for samples from three subjects.
Results
Descriptive exercise data
The SIT protocol elicited an average intensity of 92 ± 3 and 94 ± 4% of maximal heart rate during intervals in men and women, respectively, with no difference between sexes (P = 0.10). Men produced higher absolute mean power than women (men versus women, 509 ± 115 versus 339 ± 82 W, P = 0.002), but values normalized to fat-free mass were not different [men versus women, 7.6 ± 0.5 versus 7.5 ± 0.9 W (kg fat-free mass) −1 , P = 0.69].
Serum hormone concentrations
Relative to men, serum estradiol concentration was higher (P = 0.04; Table 3 ) and total testosterone concentration lower (P < 0.001; Table 3) in women. Serum progesterone concentration was not different between men and women (P = 0.75; Table 3 ).
Muscle data
The exercise-induced decrease (P < 0.001) in muscle glycogen was not different between men and women (P = 0.14; Fig 1) .
Exercise increased the mRNA expression of peroxisome proliferator-activated receptor (PPAR) γ coactivator 1α (PGC-1α, PPARGC1A), PGC-1α-related coactivator (PRC, PPRC1), PPARδ (PPARD), Sirtuin 1 (SIRT1) and receptor interacting protein 1 (RIP140, NRIP1) at 3 h of recovery relative to rest and immediately post-exercise (P < 0.01), but there were no differences between men and women ( Fig. 2A-D and Table 4 ). There was no effect of exercise or sex on the expression of cytochrome c oxidase subunit IV (COXIV, COX4I1), citrate synthase (CS), tumor protein 53 (p53, TP53) or mitochondrial transcription factor A (TFAM; P > 0.05, Table 4 ).
The mRNA expression of hexokinase II (HKII, HK2), pyruvate dehydrogenase kinase isozyme 4 (PDK4) and hormone sensitive lipase (HSL, LIPE) increased following exercise at 3 h of recovery versus rest and immediately postexercise (P < 0.001), with no differences between men and women (P > 0.05; Fig. 3A and B and Table 4 ). The mRNA expression of pyruvate dehydrogenase phosphatase catalytic subunit 1 (PDP1) was decreased following exercise to a similar extent in men and women (P < 0.001; Table 4 ). Exercise increased the mRNA expression of glucose transporter 4 (GLUT4, SLC2A4) and lipoprotein lipase (LPL) in women only (P < 0.05; Fig. 3C and D) . Women had higher expression of HKII compared with men across all time points (P < 0.01; Fig. 3A ) and higher expression of LPL immediately and 3 h following exercise (P < 0.05, Fig. 3D ). Women also had lower resting expression of GLUT4 (P < 0.05; Fig. 3C ). There was a significant interaction for the mRNA expression of trifunctional protein β-subunit (TFP-β, HADHB; P = 0.03; Table 4 ), but the post hoc test revealed no significant differences between time points or sex. There was no effect of exercise or sex on the expression of glycogen synthase kinase-3α (GSK3A; P > 0.05; Table 4 ). Exercise increased the mRNA expression of myogenic differentiation 1 (MyoD, MYOD1), vascular endothelial growth factor A (VEGFA), forkhead box O3 (FOXO3, FOXO3A) and muscle ring-finger protein 1 (MURF-1, TRIM63) at 3 h of recovery versus rest and immediately postexercise to a similar extent in men and women (P < 0.001; Fig. 4A-C and Table 4 ). The mRNA expression of myogenic factor 5 (MYF5) was decreased after exercise in both men and women (P < 0.01; Table 4 ). Exercise increased the mRNA expression of Atrogin-1 (FBXO32) at 3 h of recovery in men only, and the expression of Atrogin-1 was higher in men compared with women at 3 h of recovery (P < 0.05; Fig. 4D ). Men had higher expression of FOXO3 compared with women (P = 0.01; Fig. 4C ). There was no effect of exercise or sex on the expression of insulin-like growth factor 1 (IGF1; P > 0.05; Table 4 ).
Discussion
The major new finding from the present study was that the acute skeletal muscle response to a single bout of sprint interval exercise was generally similar in men and women. Subjects were matched for age and relative fitness, and women were tested in the mid-follicular phases of their menstrual cycles. Contrary to our hypothesis, glycogen use and the acute gene expression response to exercise, including PGC-1α and PPARD, was similar in men and women, apart from the sex-specific responses of GLUT4, LPL and Atrogin-1.
Effect of sex on the gene expression response to SIT
The present study is the first to examine sex-based differences in the acute response of genes associated with skeletal muscle remodelling to SIT. The mRNA expression of genes involved in mitochondrial biogenesis (i.e. PGC1α, PRC, PPARD and SIRT1) increased following exercise without any differences between men and women. In the mid-follicular phase of their menstrual cycles, women have a blunted response in the expression of PGC-1α following endurance exercise performed at 65% ofV O 2 peak ), but the present data suggest similar expression in men and women at a higher intensity of exercise. The expression of RIP140, a transcriptional corepressor proposed to inhibit mitochondrial biogenesis, was also elevated following SIT in both men and women, and we are not aware of previous sex-based comparisons of RIP140 expression following exercise. Additionally, we assessed the acute response to a number of substrate metabolism-related genes. SIT increased the mRNA expression of HKII and HSL to a similar extent in men and women. Following 90 min of endurance exercise, men and women are reported to have a similar increase in HKII ), but neither men nor women (Roepstorff et al. 2006) or only men ) have demonstrated an upregulation of HSL expression. A single bout of SIT also increased the expression of PDK4 and decreased the expression of PDP1 in both men and women following SIT. This is the first investigation into the expression of these genes following acute exercise in men versus women, with our results revealing no difference among sexes. Lastly, despite a reported higher TFP-β mRNA expression in women compared with men ), this difference was not observed in the present study, which is in agreement with evidence of similar TFP-β protein content among men and women . Discrepancies between the findings of the present study and previous reports (Roepstorff et al. 2006; Fu et al. 2009; Maher et al. 2009 ) may relate to the type and duration of exercise [sprint interval exercise (7 min) versus endurance exercise (90 min)], the time course of biopsies and the training status of the participants (sedentary versus moderately active).
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In the present study, we observed a lower baseline expression of GLUT4 mRNA in women, as well as a sex-specific increase in the expression of GLUT4 and LPL. The lower baseline expression and exercise-induced increase in women only for GLUT4 is in contrast to previous reports of higher baseline expression and unchanged GLUT4 expression following endurance exercise in women also in the mid-follicular phase of the menstrual cycle . Despite this gene expression result, men and women have similar GLUT4 protein content (Høeg et al. 2009 ). More work is needed to elucidate whether GLUT4 translocation in response to SIT is similar between sexes. Interestingly, higher LPL mRNA expression in women compared with men has been shown at rest (Kiens et al. 2004 ), but our data are the first to show a greater acute response of LPL mRNA expression following exercise, possibly indicating greater potential for training-induced increases in the capacity for hydrolysis of triglycerides carried by lipoproteins in women following SIT. Furthermore, we observed higher mRNA expression of HKII across all time points in women compared with men, which is consistent with previous findings of both higher HKII mRNA ) and protein expression (Høeg et al. 2011) in women.
We also report new data on the response of genes involved in structural remodelling. FOXO transcription factors co-ordinate the upregulation of the ubiquitin ligases, MURF-1 and Atrogin-1, which are involved in the regulation of muscle protein breakdown (Egan & Zierath, 2013) . SIT induced an increase in the expression of FOXO3 and MURF-1 at 3 h of recovery in both men and women, whereas the expression of Atrogin-1 increased in men only. No measurements of protein breakdown-related genes have been made previously following SIT, but men have displayed a greater response of MURF-1 expression following protein ingestion 24 h after resistance exercise (West et al. 2012) . We also observed similar exercise-induced increases across sexes for the expression of MyoD, a myogenic regulatory factor involved in satellite cell proliferation. This finding is in line with reported increases in the number of active and differentiating satellite cells following 6 weeks of SIT in both men and women (Joanisse et al. 2015) and a similar increase in the expression of MyoD mRNA following endurance exercise (Vissing et al. 2008) . Finally, SIT increased the mRNA expression of the pro-angiogenic factor VEGFA in both men and women. A recent study reported a 3.5-fold increase in the expression of VEGF following Wingate-based SIT in trained men (Taylor et al. 2016) , and increases in skeletal muscle capillarization have been shown in men and a small sample of women (n = 3) following 6 weeks of SIT (Cocks et al. 2013; Scribbans et al. 2014) ; however, whether the extent of the increase in capillarization is similar in men and women has not been adequately tested.
The potency of very low-volume SIT
The robust skeletal muscle remodelling observed in the present study occurred in response to only 1 min of 'all-out' intermittent exercise. Very brief SIT protocols involving two to three 20 s 'all-out' cycling efforts, within a 10 min training session, have been shown to improve glycaemic control and increase skeletal muscle The symbols indicate a significant difference versus PRE and POST ( * P < 0.05), a significant difference versus PRE only ( § P < 0.05), a main effect of sex ( † P < 0.01) and a significant difference versus opposite sex at same time point ( ‡ P < 0.05).
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mitochondrial protein content following 6 weeks of training (Metcalfe et al. 2012; Gillen et al. 2014) . Recently, our laboratory demonstrated that 12 weeks of the same SIT protocol as that described in the present manuscript increased insulin sensitivity, cardiorespiratory fitness and skeletal muscle mitochondrial content to a similar extent as a 50 min moderate-intensity continuous exercise protocol in untrained men (Gillen et al. 2016) . The present study is the most comprehensive assessment to date of the acute skeletal muscle response to very low-volume SIT and further supports the suggestion that brief, intense exercise is a potent stimulus to induce a molecular cascade that ultimately increases mitochondrial content . One previous study reported a large increase in the mRNA expression of PGC-1α (ß17 fold) following a 10 min SIT protocol (Metcalfe et al. 2015) , and our work expands on this finding, highlighting that 1 min of intense intermittent exercise is an effective stimulus to increase the expression of numerous genes involved in skeletal muscle remodelling. The relative changes of expression for mitochondrial genes (i.e. PGC1α, SIRT1 and RIP140) following very low-volume SIT are consistent with previous acute SIT studies involving higher total exercise volumes (Little et al. 2011; Edgett et al. 2013) .
Similar acute responses cannot explain sex-specific training adaptations
The similar responses of genes involved in mitochondrial biogenesis to acute SIT in men and women are in agreement with previous reports of comparable increases in the maximal activity of CS ) and the protein content of CS, COXIV and PGC-1α following 3-6 weeks of SIT Scalzo et al. 2014) . In contrast, Scalzo et al. (2014) reported a tendency for higher mitochondrial protein synthetic rates, measured by the incorporation of deuterium oxide (D 2 O), in men compared with women, following 3 weeks of SIT. Interestingly, the authors also reported that women had greater COXIV protein content compared with men, indicative of greater mitochondrial content (Larsen et al. 2012) , but that neither group increased COXIV protein content in response to training (Scalzo et al. 2014) . It is possible that this discrepancy relates to differences in the sensitivity of the analytical methods to detect a training-induced change, or that the net mitochondrial protein turnover response to SIT is similar in men and women (i.e. women might have lower synthetic rates in conjunction with lower degradation rates relative to men). Future studies should consider integrating measures of mitochondrial protein synthetic rates with more direct measures of mitochondrial volume (i.e. transmission electron microscopy) or stronger biomarkers, such as CS maximal activity (Larsen et al. 2012) . Glycogen depletion is recognized as an important molecular signal linked to the regulation of gene expression (Philp et al. 2012) , and the high rates of glycogen breakdown and resynthesis following high-intensity exercise may contribute to the improvements in insulin sensitivity following 6 weeks of SIT (Metcalfe et al. 2012) . The SIT-induced reduction in muscle glycogen of ß17% in the present study is consistent with previous data (Metcalfe et al. 2015) , and we show that whole-muscle glycogen depletion during low-volume SIT is similar between men and women. In contrast, Esbjornsson-Liljedahl et al. (1999 , 2002 reported similar glycogen use in type II fibres but lower glycogen use in type I fibres in women compared with men following single and repeated Wingate sprints. This effect might be masked in whole muscle, or our sprint protocol might not elicit the same effect, as our participants completed three 20 s 'all-out' sprints (versus one to three 30 s 'all-out' sprints), at a lower resistance (5.0 versus 7.5% of body weight) and had a shorter recovery time between sprints (2 versus 20 min). Alternatively, the differences in glycogen use might be related to disparities in power output between sexes. The relative mean power output (per kilogram fat-free mass) was similar between men and women with our protocol, whereas during the Wingate tests, women appear to produce lower relative mean power outputs than men (Esbjörnsson-Liljedahl et al. 1999 , 2002 . Our data suggest that glycogen use during SIT does not account for the sex-based differences in the increase in GLUT4 protein content and improvements in glycaemic control following 6 weeks of SIT (Metcalfe et al. 2012; Gillen et al. 2014) . The metabolic basis for the improvements in glycaemic control in men but not women remains unknown but may relate to a higher baseline insulin sensitivity in women compared with men (Lundsgaard & Kiens, 2014) . A recent study by Metcalfe et al. (2016) , in a large mixed cohort of men (n = 17) and women (n = 18), reported a significant negative correlation between baseline insulin sensitivity and the percentage change following SIT. Interestingly, no sex-based differences were found; however, the authors reported large variability in the response to SIT and did not detect an improvement in insulin sensitivity based on an oral glucose tolerance test.
Limitations
Although our research provides new insight into the acute response to SIT in men and women, we recognize that acute skeletal muscle responses may not accurately predict training-induced adaptations (Cochran et al. 2014) . Changes in mRNA expression do not necessarily result in similar changes in protein content or enzyme activity, and future research should confirm whether sex-based differences exist in increases in protein content and enzyme activity following longer periods of SIT. It is also worth noting that women were tested only in the mid-follicular phase of their menstrual cycles. Menstrual cycle phase has a small influence on gene expression at rest and following endurance exercise ); therefore, although it would be insightful to compare our measures in the luteal phase, the effect of menstrual cycle phase is likely to be minor compared with the influence of sex (Tarnopolsky, 2008) .
We used a 10 h overnight fast and advised participants to maintain their habitual diet leading up to the experimental trial, in addition to controlling for physical activity. Diet was not specifically controlled given the between-subject design, and it is possible that differences in food intake between individuals during the day before the experimental trials might have influenced the gene expression response. It is also possible that our relatively small sample size might have limited our ability to detect potential sex-based differences in the acute response to SIT.
Conclusion
In summary, the major finding from the present study was that the gene expression response to an acute session of SIT was largely similar in men and women matched for fitness. Therefore, the mechanistic basis for reported sex-based differences in response to several weeks of SIT remains to be elucidated. Additional studies using rigorous controls (e.g. for menstrual phase and relative fitness) are required to confirm whether sex-based differences exist in the adaptive response to SIT and to identify potential mechanisms if necessary. We also demonstrate the potency of 1 min of intense intermittent exercise to increase the expression of genes involved in skeletal muscle metabolism and structural remodelling and provide insight into the mechanisms of very low-volume SIT-induced increases in skeletal muscle oxidative capacity.
